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INTRODUCTION 
1'h.e anatomical stucly of nectar glands \vas taken up at the 
suggestion of Dr. L. H. Pammel, who for many years has been 
interested in honey plants and their economic importance in Iowa. 
The structure of nectar glands has not received much atten-
tion from the present day botanist. He takes for granted that 
they arc present; bi1t that i:; about as far as he goes. Older bot-
anists of the eighteenth century were much interested in the sub-
ject of nectar glands. Glands of many plants were studied thor-
oughly, that is as thoroughly as could be done with the equip-
ment they possessed. Kot only was the anatomy of the glands 
studied, but also the physiological process taking place in these 
glands. It is to be regretted that with our present day equipment 
more work has not been done on such an important subject. 
\Yhile the subject of nectar glands may not be one of the great-
est importance from an economic standpoint, still it is one which 
should receive more attention. Every person interested in hone:i-
production should know something about the organs that secrete 
the nectar, upon \1·hich the bees depend for their honey. A knowl-
edg·e of the structure and principles of functioning of nectar 
glands is essential to a thorough understanding of honey produc-
tion. 
The work reported in this paper was undertaken with two ob-
jects in view; first, to give those interested in honey production 
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some information concerning the structure of nectar glands; 
second, to create interest in this fascinating field of study with 
the hope that other students of botany may pursue the investiga· · 
tion further. 
HISTORICAL 
An occassional discussion of the secretion of nectar and the 
structure of nectar glands in flowers is found not only in the 
works of many older botanists, but also in the discussions ot 
antiquated articles; but these are only superficial remarks. Ruel-
lins 1 described the nectaries of Aco11it11m nap1'.llus and Fritillaria 
impirialis. He first designated the secretion of nectar as "honey 
secretion." Malpighius 2, in 1675, made an investigation of nec-
tar secreting organs of plants, but his results are not very reli-
able. He described those on the inner side of certain flower 
blades, as Fritillaria and Ranunculus, and in these he called it 
"honey sap." Pontedera 3 , in 1720, advanced the view that the 
honey sap of plants is secreted in order to nourish the young em-
bryo. The sap which streams through the plant appears here as 
resin and there as gum, etc. The flower sap is collected to nour-
ish the fruit buds. If the embryo is deprived of this sap it will 
not develop in the fruit. The first comprehensive discussion con-
cerning nectaries was by Linne 4, in 1763 under the title "Kectaria 
florum." He called the organs nectaria, and the sweetish juice 
they secreted nectar. Linne's view was similar to that of Ponte-
dera. He thought that the solution was necessary for the fruit 
buds, and that it furnished a substance for moistening the fruit 
buds. Linne thought that the bees and other insects sought nec-
tar for nourishment and in so doing transferred the pollen to the 
stigma. He thought the corolla to be the honey forming organ. 
He described several different kinds of nectaries in different lo-
cations in the flower. Roth 5 in 1787 transmitted nectar through 
a tube into the fruit buds and held the view that it was necessary 
for the nourishment of fruit buds. K runitz '6 thought the sap was 
not necessary for the fruit buds. He thought it was injurious 
to them. 
Conrad Sprengel 7 first stated the opinion that nectaries are for 
the purpose of furnishing a sweet substance intended to attract 
insects in the fertilization of plants. Goethe 8 , in 1790, published 
an article ":Metamorphose der Pflanzen." He tried to explain 
the morphological nature of the nectaries. There are, according 
to him, passageways from the calyx to the stamens that secrete 
the sap that is found on the petals. He came to the conclusion 
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that the nectar secretion was very important in attracting the 
insects and bringing about pollination. Sprengel had found that 
flowers pollinated by insects generally have nectar. Goethe sug-
gested the name "sap glands" instead of nectaries. The sap 
glands are the part of the flower which prepares and secretes 
the sap. The forms of the sap glands are many and various. In 
some cases they are the fruit buds themselves or part of the fruit 
buds; but in many cases they are different and are separated. 
They may be fleshy layers of one or more than ~ne cell layer in 
thickness. If they are thin. they could not secrete much sap. 
They are smooth. Sometimes they are colored, but seldom are 
they green. The most common color is yellow. Seldom are they 
. white ; sometimes they are cherry reel. The color depends on 
the quality and mixture of the secretion. Miribel 9 , in 1815 dis-
cussed the structure and anatomy of nectar glands. According 
to him the nectaries are the fleshy bodies which are borne on the 
receptacle, the ovary, the stamen, or the petals. They secrete a 
s\veet fluid called nectar, which collects at the base of the perianth. 
The cells of the nectar tissue have very thin walls and are travers-
ed by vascular ramifications. According to their position Miri-
bel distinguished fifteen varieties, and made a new classification. 
Desvaux 10, in 1826 tried to determine whether nectar glands were 
specialized parts of plants or if they were modifications of orgam 
already recognized. He stated that nearly all the structures which 
have heen designated as nectar glands pertain to some floral struc-
ture. He gave the nectaries the name ovarian glands. He set 
forth the theory that all glands arise from bundles of fibers, which 
instead of elongating and spreading out are suppressed and agglo-
merated. 
Soyer-\Villemet 11 thought that the nectary should have a di-
rect communication with sexual organs. All glands which do 
not communicate with these organs should not be regarded as 
nectaries even though they secrete a sweet liquid. 
DeCandolle 1 " applied the word nectary to all glands situated on 
the floral organs. 
Raspail 13 does not use the name nectary except for the circular 
swelling which surrounds the base of certain ovaries. In many 
cases, he says, the nectaries appear as glands, in others there is 
found a mass of the substance secreted without any trace of the 
organ of secretion. 
Bischoff 14 in 1839 established two types of nectaries: 1. The 
nectaries, properly speaking, consist of various parts of the flower 
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transformed or aborted, such as the nectariferous scales of the 
Ranunculaceae. 2. The nectar gland. 
Lorenz Oken,1" in 1839 expressed the view that nectaries are 
stunted organs and in nearly all cases stunted stamens. The honey 
arises out of sugar and slime and is mixed with ethereal oils and 
other substances. 
L. Bravais 16 in 1842 published a paper on the structure of 
the nectar glands. He attempts to show that they exist mostly 
in Phaeneroga~s, and that they should be classified according 
to the floral leaves which bear them. He divides these glands into 
nine classes. According to him one should distinguish four parts 
in each of the floral leaves: 1. The support or point of attach-
ment. 2. The nectary. 3. The anther. 4. The stem. Some-
times all of these four parts do not develop. If the nectary de-
velops alone it appears as a glandular disk at the base of the 
ovary. 
The first anatomical work on nectaries was by Caspary 17 in 
1848. He studied sixty-four different species and found that the 
secretion comes out of cells and not out of vascular bundles. In 
many cases the secreting cells are not different from other cells 
in appearance; usually they are covered by an epidermis. l\Iany 
nectaries have stomata of round or elliptical form, but they are 
present usually only when the epidermis is absent. Commonly 
the surface is furrowed, sometimes raised to an eminence. The 
nectar-secreting cells never have vascular bundles. The secret-
ing cells contain a granular material and oil. Regardless of wheth-
er or n-0t there is a distinct form or shape to the gland, secre-
ting. cells contain the granular bodies and are therefore distinct 
from the neighboring cells. The secreting begins with the opening 
of the anther and ends when the pollen is shed and anthers are 
dry. Caspary thought nectar was most likely to occur in male 
flowers where stamens are likely to abort and become nectar 
glands. 
M. Brongniart 18 in 1855 published an important memoir on 
the nectar glands which are found at the side of the ovary of var-
ious families of monocotyledonous plants. He called them septa! 
glands. He studied the septa! glands of the Liliaceae, Amaryllid-
aceae, Bromeliaceae. Iridaceae, and other families of the mono-
cotyledons. 
J. l\Iartinet 19 in 1872 discussed nectar glands in his work on 
the secreting organs of plants. His -anatomical study of them was 
limited to a few examples of plants. 
4
Proceedings of the Iowa Academy of Science, Vol. 30 [1923], No. 1, Art. 51
https://scholarworks.uni.edu/pias/vol30/iss1/51
NECTAR GLA1';DS OF HONEY PLANTS 305 
In 1879 appeared the important work of Behrens"", "Die Nec-
taric11 dcr Bliithen." Behrens in his work on nectar secretion 
makes a detailed discussion of the anatomy of the glands and the 
physiological process of secretion. He also gives a very good re-
view of the literature up to his time. In this wurk Behrens takes 
up different kinds of nectar secretion. He divides nectar secre-
tion into several different claso;es, according to the structure of the 
different nectar-secreting tissues. 
Class No. !.-Secretion through thin-walled, non-cutinized epi-
dermal cells. The epidermal cells have no cutin, but join the 
cutinized epidermis of the stamens and sepals. The nectar cells 
contain a yellow metaplasm, but the epidermal cells are trans-
parent. The secretion reaches the surface by cl i ffnsion through 
the epidermal cells. 
Class No. 2.-Secretion of nectar through thin walled epider-
mal papill~ by the process of diffusion. ln this class we have an 
epidermal layer, some of its cells being extended into rather large. 
single celled papilla'.. They resemble trichomes that have be-
come secretive organs. The papilla' have thin, colorless walls. 
The papill~ contain a colorless and coarsely granular metaplasrn. 
Dextrose is present. and also other carbohydrate bodies. Small 
amyloid bodies appear in the papill~ and the secretion soon be-
gins either at the apex or on the sides. The drop enlarges and 
covers the entire papilla. Small bodies are noticed on the outer 
surface of the papilla, which act indifferently to reagents. The 
amyloid bodies clissappear when the nectar appears on the outside, 
and it is eYident that the secretion is passed through the walls, 
most possibly by means of a molecular change of the membrane. 
Class 1Vo. 3. - Secretion at the point of many-celled nectary 
papill~ by means of building up of collagen. In this class the 
papilla: are many-celled. being terminated by a single cap-cell. 
Their outer walls are soft and possess no cuticle. vVhen the papil-
1~ are young the cap-cell has a wall as thick as the other cells, but 
gradually the wall at the top spreads, so that one sees an outer and 
an inner part. The two parts are fnrther separated until there is 
a half-moon-sliaped middle layer. This middle half-moon-shaped 
slime layer increases and the inner membrane or layer is pushed 
farther into the cell until the cavity of the cell is nearly filled up. 
Finally the outer layer of the \Vall breaks ancl the slime escapes. 
Class No. 4. - Secretion of nectar through the opening of sto-
mata on the epidermal layer. In this class we have nectar tissue 
covered by an epidermis. In this epidermis are found stomata 
5
Cook: The Structure of Some Nectar Glands of Iowa Honey Plants
Published by UNI ScholarWorks, 1923
306 IOWA ACADEMY OF SCIENCE VOL. xxx, 1923 
which are sometimes sunken. They look like ordinary stomata, 
and have a stomata! chamber beneath them. The epidermal cells 
and guard cells of the stomata are cutinized. Secretion passes 
from the lower nectary tissue into the stomata! chambers and 
then out through the stomata. 
Class No. 5. - Secretion through the sliming of the outer walls 
of the epidermis by means of the formation of collagen and des-
truction of the cuticle. In this class the outer walls of the epider-
mis are heavily cutinized. Three layers or bands in this wall 
can be seen, two of them firm and dark and a clear one between 
them. The secretion proceeds as follows: the wall becomes slimy 
just under the cuticle. It is split into tangential layers. As the 
formation of slime proceeds, certain high points are produced, 
raising up the cuticle, which is finally ruptured, thus allowing the 
slime formed by the nectar part of the wall to escape. Several 
more cuticles form in succession as previous ones are ruptured in 
the same way and the nectary becomes covered by the swollen mass 
of the outer cell walls of the epidermis. 
\Vm. Trelease 21 in 1879 published an article on ''I\' ectar and 
its Use." He divides glands into floral and extra-floral. He also 
gives a very good bibliography relating to the subject. 
G. Bonnier 22 in 1879 published a very important memoir on . 
nectar glands. 1'he title of his paper was "Les JI/ ectaries." He 
described the anatomy of many nectar glands and also gave a de-
tailed account of the physiology of nectar secretion. 
Knuth 2 " in his "Hand-book of Flower Pollination," gives a 
general discussion of nectar glands. Each genus of the monocoty-
ledons and dicotyledons is described as to the location of the 
gland and whether it secretes nectar or not. 
MATERIALS AND METHODS 
All the material for the study of nectar glands was collected at 
Iowa State College, during the spring and summer of 1922. All 
material that was collected was in good condition and care was 
taken to see that the flowers were secreting nectar in abundance 
when they were collected. All material was killed in chromacetic 
acid, which was fotmd very satisfactory. The paraffin method 
was used for imbedding material, as is described in Chamberlain's 
Histology.u Sections were cut about 8µ, in thickness and were 
stained with Delafield's Haematoxyliu. Later on as the work 
progressed this reag-ent was discarded, as it took too much time 
to carry it through, and it was found also that it did not 
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give as good differentiation of cell walls as was desired. );' othing 
was found, however, that gave as good results for cell contents as 
did Delafielcl's Haematoxylin. In place of Delafielcl's Haematoxy-
lin, Light Green was substituted. It gives good results and works 
quickly. This method will be described in full later. 
lvlcthod of 1nalci11y sections for tc'mporary nwunts. - Often af-
ter material is irnbeddecl in paraffin it is clifficult, without cutting 
many sections, to fincl out exactly where the nectar tissue is located. 
The following method was used for a preliminary examination. 
Sections were cut from 18 to 25µ. in thickness, usually about 20µ. 
If sections are cut smaller than 18,u. they have a tendency to tear 
as will be seen in the description of the method. Sections were 
easily cut at 25p, ;incl good ribbons were obtained, if the paraffin 
blocks were placed in warm water for a minute before being cut. 
After the sections were cut, two or three were placed on a slide 
and a drop or two of the xylol-eosin-clove oil mixture was add-
ed. This mixture was made up as follows: A little eosin on the 
end of a knife-blade was placed in 10 to 15 cc. of clove oil and 
shaken until the eosin was dissolved and the clove oil had a good 
red color. The solution was then filtered. To this eosin-clove oil 
was added enough xylol so that a pure paraffin ribbon would 
dissolve readily. Care was taken not to add enough xylol to form 
a precipitate as this will ruin the stain. As was stated above two 
or three of the paraffin sections were placed on a slide and dissolv-
ed in a drop of the eosin-clove oil-xylol solution. In about a 
minute the paraffin was dissolved by the xylol and the sections 
were stained by the eosin. In addition to being a solvent for the 
eosin. the clove oil of this solution cleans the section very nicely. 
The excess liquid was removed with a piece of filter paper and a 
cover glass was put on. If sections were to be kept for any length 
of time a drop of balsam was added before the cover glass was 
put on. The sections soon faded and could not be kept satis-
torily stained for any length of time by this method. 
Jl;fctlzod of nwkin[J permanent 11101111/s. -As has been stated 
before, Light Green was used exclusively in the latter part of this 
work for staining permanent mounts. The following method was 
found very satisfactory for this purpose. Five grns. of Light Green 
was dissolved in 12.5 cc. of absolute alcohol, vvhich was shaken 
until practically all of the stain was dissolved: then 37.5 cc of clove 
oil was added and the solution was filtered. The stain was now 
ready for use. The slides with the paraffin sections were placed 
in absolute xylol for five minutes. They were then removed from 
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the jar of xylol and rinsed with a small amount of 95 per cent 
alcohol to remove the excess xylol. They were then placed in 9;, 
per cent alcohol for five minutes, then in absolute alcohol for five 
minutes. The slides were now ready to be stained. They were 
removed from the absolute alcohol, and a drop of clove oil was 
run over them to remove the excess alcohol. They were then 
stained in Light Green for three to five minutes, removed from 
the s.tain, a drop or two of clove oil was run over them and this 
was followed by a drop of cedar oil. The slides then were placed 
in an equal mixture of absolute alochol ancl xylol for three to 
five minutes. After this last step they were ready to be mounted 
in balsam. Staining with Light Green, if done correctly, gives 
a very good mount and the time required is not long. By this 
method ten to fi £teen slides may be stained and mounted in a halt 
hour, a great saving of time as compared with other methods. 
LIST OF PLANTS USED 
The following is a list of plants used in this paper, arranged in 
the order of their Families, Genera and Species. 
Family Saxifragaceae 
Philadelphus coronarius, L. 
Family Rosaceae 
Pyrus communis L. 
Spiraea sp. 
Prunus virginiana L. 
Physocarpus opuli folius ( L) Maxim. 
Crataegus mollis (T. and G.) Scheele 
Pyrus Malus L. 
Family Leguminosae 
Trifolium repens L. 
Family Tiliaceae 
Tilia americana L. 
Family Solanaceae 
Petunia violacea Linell. 
Family Bignoniaceae 
Catalpa bignonioides Walt. 
Family Caprifoliaceae 
Lonicera Tatarica L. 
Family Cucurbitaceae 
Curcurbita Pepo i. 
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ANATOMY OF THE GLANDS 
It might not be amiss before we go into the study of the glands 
to discuss just what nectar glands are. In studying the structure 
of nectar glands we do not always find what agrees with our 
common idea of a gland. We generally think of a gland as being 
a stalked body, which has arisen as a projection on the epidermis, 
and is usually multicellular. But frequently we do not find any 
gland of this description. There is in many cases a mass of tissue 
with a regular epidermis, sometimes provided with stomata and 
sometimes not. Below this epidermis are small 4-8-sided cells, 
differentiated from the surrounding tissue only by their granular 
cell contents and size. We may therefore define nectar glands 
as specialized tissue, which secretes a sweetish liquid (with few 




Fig. 1. Longitudinal section through the ovary of Philadelphus, showing 
the position of the nectary. n, nectary tissue; o, cells of the ovary 
(x 12.5). 
Fig. 2. Part of a longitudinal section through the nectar tissue of Phila~ 
delphus. e, epidermis; n, nectar tissue (only first layer of cell proto-
plasm filled in) (x 237.5). 
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In the following pages will be given a complete description of 
the nectar glands of the different flowers studied. They will be 
taken up in the order in which they are given in the above outline. 
Philadelphus coro11arius L. - Mock Orange. 
General. - This shrub is very common on the campus of Iowa 
State College. By the middle of 1Tay it is in full bloom. Its 
flowers secrete nectar very abundantly and when the material 
was collected it was noticed that the bees were very numerous 
about the flowers. 
In the flower of this plant the nectar is half concealed. The 
ovary is inferior, the nectar gland being found as a disk, which 
entirely covers the top of the ovary. The gland is only slightly 
orange-colored and secretes nectar very abundantly. Figure 1. 
Plate I shows the position of the gland. 
Anatomy of the Gland. - A longitudinal section through the 
top of the ovary of Philadelphus shows the nectar gland to be a 
mass of granular tissue covering the entire apical surface. The 
gland is about 0.1 mm. in thickness. The glandular tissue con-
sists of a single layer of epidermal cells and a variable number of 
layers of modified parenchymatous cells, which lie beneath the 
epidermal cells and which will henceforth be called the sub-epi-
dermal cells. Below the sub-epidermal cells lies the ordinary un-
modified parenchymatous tissue, which is characteristic of the 
flower parts. In this tissue also are found the fibro-vascular 
bundles. The epidermal cells are somewhat columnar in shape, 
and have their outer walls more or less curved out. They are some-
what smaller in size than the sub-epidermal cells and their cell 
contents are also less granular. The cells of the sub-epidermal 
tissue contain a very granular protoplasm, although no large 
distinct granules are found. The cells are 4-8-sided and are 
smaller than the parenchymatous cells below them, although they 
are somewhat larger than the epidermal cells. The nectar tissue 
grades gradually into the parenchymatous tissue and it is difficult 
to tell where one stops and the other begins. But as a rule the 
sub-epidermal cells can be distinguished by their granular con-
tents, their size and their shape. In the parenchymatous tissue 
are found the fibro-vascular bundles which run at right angles 
with the nectar tissue. They do not, however, extend up into the 
sub-epidermal cells, but are in very close proximity to them. Fig-
ure 1, Plate I gives a general view of the nectar tissue in relation 
to the other tissues. Figure 2, Plate I gives an enlarged view of 
the epidermal layer and the sub-epidermal tissue below it. 
10
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Pyrus cornrnunis L. Pear. 
General. - The pt;ar is very common in the state of Iowa, and 
is no doubt one of the large sources of nectar in this state. It 
came into bloom this year about the latter part of April and 
was one of the earlier sources of the nectar supply. 
In the pear the receptacle comes up above the ovary, forming 
a cup-shaped depression on the top surface of the ovary. The 
lining of this entire cup is yellow and on it the nectar is secreted. 
The gland covers the entire lining of the cup, the face of which 
is somewhat furrowed, and in these furrows the nectar collects. 
The glandular tissue gradually grades into the tissue which goes 
to make up the stamens and top of the receptacle. 
Anatomy of the Gland. - In the pear the nectar tissue is very 
distinct, being at least 0.2mm. in depth. There is a distinct epider-
mis which stands out very sharply from the surrounding tissues. 
The inner tangential cell wall of the epidermis takes a much 
deeper stain than the cell walls of the surrounding tissue, which 
feature makes it stand out very distinctly. The epidermal cells 
are much longer than wide and have a distinct granular proto-
plasm. They are provided with stomata through which the se-
cretion takes place. These stomata resemble the ordinary stomata 
found in other parts of the plant. The guard-cells of the stoma-
ta have a very thick, granular protoplasm. Below the epidermis 
are found the sub-epidermal cells, which extend many layers in 
depth. They are practically the same size as the epidermal cells, 
and are 4-8-sided, the common number of sides being six. The 
sub-epidermal cells are somewhat granular and grade gradually 
into the parenchymatous tissue below. The vascular-bundles are 
very thick in the parenchymatous tissue, sometimes even extend-
ing up into the nectar tissue. Figure 1, Plate II shows a general 
view of the nectary. Figure 2, Plate II shows an·enlarged view 
of the same. On the outside of the epidermis of the pear is found 
a slimy substance which always takes a deep stain. This collects 
above the epidermal cells as thin, irregular layers, and wherever 
there is a furrow in the epidermis it collects in large globular 
bodies. It probably is an excretory product of these cells and no 
doubt plays a part in the secretion of the nectar. The epidermal 
layer of the pear is somewhat furrowed and generally in these 
furrows are found the stomata, although this is not always the 
case. Figure 3, Plate II shows an enlarged view of the epider-
mal layer and also the slimy mass that has collected on the outside 
surface of the epidermis. Xo stomata are shown in the drawing. 
11
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PLATE II 
Fig. 1. Longitudinal section through the nectar tissue of Pyrus communis, 
showing a general view of the gland and the underlying tissue. e, epi-
dermis; n, nectary tissue; s, slimy mass; fv, fibro-vascular bundle 
(x45) . • 
Fig. 2. Enlarged longitudinal section of part of the same tissue (x 237.5). 
Fig. 3. Longitudinal section through the epidermis of Pyrus commm1is, 
showing the structure of the epidermis in detail. e, epidermis; s, slimy 
mass; a, sub-epidermal layer (x 217.5). 
Spiraea sp. Spiraea. 
General. - This plant is a cultivated shrub that grows very 
extensively on the campus of Iowa State College, and is also 
very extensively grown throughout the entire state. It seem!> 
to be a fair nectar yielder and bees were noticed upon it very regu-
larly. It blooms about the middle of May. 
The nectar gland in Spiraea consists of annual orange-yellow 
thickenings on the inner wall of the receptacle internal to the in-
12
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sertions of the stamens. These thickenings extend entirely around 
the receptacle and form a definite ring. The nectar is half con-
cealed and is secreted abundantly. 
Anatomy of the Gland. - The nectar gland of Spiraea is about 
2 mm. deep, 4 mm. long and is oval in shape. The gland con-
sists of the regular epidermal cells and many layers of sub-epi-
dermal cells below. The epidermal cells are somewhat larger 
than the epidermal cells of most nectar glands and do not have 
the granular protoplasm so characteristic of secreting cells. They 
are somewhat wider than long and are provided with stomata. 
The stomata are set somewhat deeply in the epidermis, the guard 
cells being richly filled with granular protoplasm. Figure 2. 
Plate III shows the character of the stomata. The secretion takes 
place through stomata, there being prominent intercellular space~ 
in the nectar tissue where they appear. The sub-epidermal tissue 
consists of small 4-8-siclecl cells filled with dense granular pro-
toplasm. There is no distinct line of demarcation where they ex-
tend into the parenchymatous tissue. The parenchymatous tissue 
is well filled with vascular bundles, some of them extending near-
ly up into the nectar tissue. Figure 1, Plate III gives a general 
view of the gland in regard to its location with the other tissues. 
Figure 2, Plate III is an enlarged drawing showing the epider-
mis and stomata in long section. 
Przrnus 7.'irqi11iana L. Cherry. 
General. - The common cherry is another one of Iowa's honey 
plants that is very important. It comes into blossom about the 
first of J\fay and fnrnishes one of the important sources of 
early nectar supply. \\'hen the material was collected it was no-
ticed that the bees were busy around the flowers. 
In the cherry the ovary is superior, being borne upon the recep-
tacle, the receptacle coming up around it to form a cup. The 
nectar tissue extends from the base of the ovary up to where the 
receptacle joins the calyx. This tissue has a deep orange color and 
secretes nectar abundantly. The cup is smooth and does not seem 
to be furrowed in any way. 
Anatonry of tlze Gland. -The glandular tissue is about 5 mm. 
deep. The epidermis is present and does not present anything 
unusual in appearance. Its cells are practically cubical and do 
not have the granular contenb so typical o i other nectar cells. 
The sub-epidermal cells form a distinct layer beneath the epider-
mal cells. The cells are 4-6-sicled and are much smaller than the 
parenchymatous cells below. The sub-epidermal cells are very 
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Fig. 1. Longitudinal section through the nectar gland of Spiraea. e, epi-
dermis; st, stomata; d, beginning of the stamen; g, sub-epidermal tis-
sue; fv, fibre-vascular bundle; p, parenchymatous tissue (x 42.S) . 
Fig. 2. Longitudinal section through the nectar tissue of Spiraea more 
highly magnified. e, epidermis; st, stomata; a, sub-epidermal cells. 
(Only in the first layer of cdls is the protoplasm filled in) (x 237.5). 
F ig. 3. Longitudinal section through the flower cup of Prunus virginiana, 
showing the location of the gland. n, nectar tissue; pt, pistil; fv, fibro-
vascular bundle (x 12.5). 
distinctly granular, but present nothing new in appearance. Below 
in the parenchymatous tissue are found the vascular-bundles, run-
ing parallel with the nectar tissue. No stomata are found in the 
epidermis and secretion takes place through the epidermal cells, 
which are thin-walled. A very sharp line of demarcation can be 
.seen between the epidermis of the glandular tissue and the epider-
mis of the ovary. The epidermal cells of the ovary are long and 
thick-walled and practically devoid of granular cell contents, 
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while the epidermal cells of the nectar tissue are more or less 
flattened and distinctly more granular. The sub-epidermal tissue 
grades gradually into the tissue of the ovary, there being no 
sharp line of distinction. .'.\ o slimy excretion is found on the 
outside of the epidermal cells. Figure 3, Plate II I shows a gen-
eral view of the nectar tissue. its size and where it joins the ovary. 
Figure 1, Plate IV is an enlarged view of a section of the same 
tissue. 
Physocarp11s op11!ifoli11s (L·) :\laxim. ?-;°ine Bark. 
Grn{'raf. - Ph_\'Socarf'11.1· i:; annther shrub that is commonly 
found on the campus of To\\·a State College an cl also is common 
in the state. It usually come' into hloorn in May and the blossoms 
last about two weeks. According to the writer's observations the 
flowers of this shrub were more eagerly sought after by hees than 
any of the early spring flowers. The flowers are borne in a 
small corymhifonn inflorescence. and are produced very abundant-
ly over the entire husli. \Vhen the material was collected the flow-
ers were secreting nectar very abundantly. 
In I'li:ysocarpus the OYary is superior, the receptacle corning 
up around the oYary to form a cup. T11e nectar gland occurs 
along the base and sille of the receptacle, and extends up to 
where the receptacle joins the calyx. It has a deep orange color 
and is practically smooth. 
Anatorny of the Gland. - The nectar tissue extends in for ahout 
0.1 111111. and presents nothing ne,,· . The epidermis is somewhat 
irregular, some of the cells being long, with rounded edges, while 
others are practically flat. ::\Iost of them have their outer cell 
walls well bulged out. The epidermal cells are small and are 
well filled with granular protoplasm. I\ o stomata are present and 
secretion takes place through thin walled epidermal cells. The 
sub-epidermal cells are of about the same size as the epidermal 
cells, but are more angled. They consist of about six to eight 
rows of cells and gradually fuse into the parenchymatous tissue 
helow. The parenchymatous cells are larger and· contain no 
granular protoplasm. Vascular-bundles run parallel with the 
nectar tissue and the tissue of the calyx which it joins. The calyx 
cells are much larger and clo not have the dense granular proto~ 
plasm that is characteristic of the nectar cells. Figure 2, Plate IV 
shows where the nectar tissue joins the pistil. There is a gradual 
change in the cells, the epidermal cells of the pistil being practic-
ally square and less granular. The cells below the epidermis are 
also much larger and do not have dense cell contents. Figure 3, 
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PLATE IV 
Fig. 1. Longitudinal s·ection through the nectary of Prnnus virgimana, 
showing difference between the nectar epidermis, and epidermis of the 
pistil. g, sub-epidermal layer; e, epidermis; ep, epidermal layer of the 
pistil (x 175). 
Fig. 2. Longitudinal section through the nectar tissue of Physocarpus. 
e, epidermis; ep, epidermal cells of the pistil; g, sub-epidermal layer 
(protoplasm of only the first layer of cells filled in) (x 172.5). 
Fig. 3. More highly magnified section of epidermal layer. e, epidermis 
(x 250). · 
Fig. 4. Longitudinal section through the flower cup of Crataegns mo/lis. 
n, nectar tissue; a, parenchymatous tissue; fv, fibro-vascular bundle; · 
s, slime ( x 92.5). 
Plate IV shows an enlarged drawing of the epidermis of the 
nectary and one layer of the sub-epidermal cells. 
Crataegus mollis (T. and G.) Scheele. Crataegus. 
General. - Crataegus is one of our early spring trees in. Iowa. 
It is a rather large tree and blooms very abuncla~tly. The trees 
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also have a rather long blooming period and are, worked on very 
hard by bees during this time. 
In Crataegus, as in Cherry, the ovary is superior, the recepta-
cle coming up around it to form a medium sized cup. On the 
wall of this cup the nectar is secreted. The lining of the recep-
tacle is deeply furrowed and in these furrows the nectar collects. 
The nectar is half-concealed and is somewhat protected from the 
weather by the stamens bending over the cup. The secreting tis-
sue extends up to where the receptacle joins the calyx. 
Anatomy of the. Gland. -The secretory tissue has a deep or-
ange color and extends inward for about 1 mm. The epidermal 
layer is somewhat different from the epidermal layer of the nec-
tar glands of other members of this family. The cells are slightly 
wider than they are long, and they form an irregular furrowed 
covering over the secreting tissues. At the bottom of these fur-
rows stomata are generally found. The stomata are like ordinary 
stomata, but are set very deeply into the tissue. The guard-cells 
are densely granular. On the out~icle of the epidermis is found 
a slimy mass, which is somewhat like that found in the pear but 
not so thick. Figure 4, Plate IV shows where the nectar epider-
mis joins the epidermis of the calyx tissue. The epidermal cells 
of the calyx are longer and are also thicker walled. They do not 
have the thick granular contents that the epidermal cells of the 
nectar tissue have. X o stomata are present. The sub-epidermal 
tissue of the nectar glands is about six to eight layers of cells in 
thickness, and is quite distinct. Its cells are about the same size 
as the epidermal cells, but more granular and much smaller than 
the parenchymatous cells of the tissue below. As usual they grade 
gradually into the parenchymatous tissue and it is hard to tell the 
beginning of one and the ending of the other. Vascular-bundles 
are thick in the parenchymatous tissue. Figure 4, Plate IV shows 
a general view of the secreting tissue and the tissues surrounding 
it. Figure 1, Plate V shows one of the stomata in cross-section. 
Pyrus lvfalus L. Apple. 
General. - This year at Iowa State College the apple has 
proven one of our best early honey plants. The apple trees did 
not bloom until late in the season, hence the bees were able to 
work on them when the weather was nice and warm. 
In the apple the ovary is inferior, the receptacle coming up 
above the top of it. The receptacle forms with the calyx a cup-
shaped depression on the top of the ovary. The lining of the cup-
shapecl receptacle forms the secreting surface. The nectar tissue 
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Fig. 11 Longitudinal section showing sunken stomata of Crataegus mollis 
(x 250). · 
Fig. 2. Cross section showing stomata {x 250). 
Fig. 3. Longitudinal section through receptacle of Pyrus Malus. n, nec-
tary tissue; p, parenchymatous tissue of the calyx (x 125). 
Fig. 4. Longitudinal section through the nectar tissue of Pyrus Malus. 
e, epidermis; g, sub-epidermal cells (x 250). 
extends all the way up to the place where the receptacle joins the 
calyx. The tissue has a deep orange-yellow color, · a character 
typical of practically all nectar tissue. · 
Anatomy of the Gland. - In the apple we have the same kind 
of tissue that is characteristic of most of the members of this 
family that have been studied. The epidermal layer is more or 
less flat in outline, the cells being either long or wide. They are 
very granular and do not have any stomata present. The sub-
epidermal layer consists of many layers of cells, which extend in 
for about 1 mm. There is no .~harp line of demarcation between 
18
Proceedings of the Iowa Academy of Science, Vol. 30 [1923], No. 1, Art. 51
https://scholarworks.uni.edu/pias/vol30/iss1/51
NECTAR GLANDS OF HONEY PLANTS 319 
the sub-epidermal tissue and the parenchymatous tissue below. 
The fibro-vascular bundles do not come very clo;;e to the nectar 
tissue. There is a sharp line of demarcation between the epider-
mal cells of the nectar tissue and those of the calyx. The cells of 
the calyx are much larger and thicker walled. They do not have 
the granular contents that the others have. Figure 3, Plate V is 
an enlarged view of the epidermis and sub-epidermal tissue to 
show more details of cells. 
Trifolium rcpe11s L. ·white Clover. 
General. - ·white clover is one of the greatest honey plants in 
Iowa. Its blooming period begins in June and it blooms until late 
summer, thereby furnishing a large source of nectar for the bees. 
The nectar flow this year has been particularly good and the bees 
have been working very hard on this flower. The corolla tube 
is only 3 mm. long and can be reached easily by honey bees. 
In \Vhite clover the nectar gland is small, not being noticeable 
to the naked eye. The tissue is not yellow in color. The gland 
is found inside the stamina! tube, at the base, occupying the space 
between the pistil and the one free stamen. 
Anatomy of the Gland. - \Nhen a longitudinal section is made 
through the flower of white clover, the nectar gland is seen as a 
little mound of tissue next to the ovary and internal to the free sta-
men. The gland is pyramidal in shape, the top being slightly oval. 
It is not very large, consisting of about ten epidermal cells and 
six to eight layers of sub-epidermal cells. The epidermal cells 
are thin walled and filled with a dense granular protoplasm. No 
stomata are present and secretion takes place through the thin 
epidermal cells. There is a sharp difference between the epider-
mis of the gland and the epidermis that is characteristic of the 
pistil and stamen. The epidermal cells of the stamen and pistil 
are much larger and are thick walled, also they do not contain the 
granular protoplasm. Figure 2, Plate VI shows the difference. 
Below the epidermis we find the sub-epidermal layer of small, 6-
8-sided cells, which contain a dense granular protoplasm. They 
show up very different from the surrounding tissue, being smaller 
than the parenchymatous tissue and slightly smaller than the epi-
dermal cells. A large vascular-htmclle ends in close proximity to 
the sub-epidermal layer, but does not extend up into it. Figure 
1, Plate VI shows a longitudinal view of the white clover flower 
and the location of the gland. Figure 2, Plate VI is an enlarged 
longitudinal section of the gland ancl also shows the character of 
the cells surrounding the gland. 
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PLATE VI 
Fig. 1. Longitudinal section th rough the flower of Trifolium repen.f. 
ii, nectar gland; sta, stamen; pt, pistil; fv, fibro-vascular bundle 
(x 12.5). 
Fig. 2. Enlarged view of the nectar gland of T rif olium repens. e, epi-
dermis; g, sub-epidermal cells; ep, ·epidermal cells of stamen and pistil 
(x 250) . 
Fig. 3. Two of the glands of Tilia americana in enlarged view (x 475). 
Fig. 4. Longitudinal section th rough the nectar tissue of Tilia americana. 
b, gland; e, epidermis; g, sub-epidermal cells; fv, fibro-vascular bundle 
. (x 132.5). . 
Fig. 5. Longitudinal section of Tilia americana, showing whete the 
glandular tissue joins the sepal. se, cells of the sepal; n, nectar tissue 
(x 137.5). 
Tilia americana L. .Basswood. 
General. - The basswood is also considered one of Iowa's 
greatest honey plants. Although not as abundant in the state 
as it was once, it still yields a good supply of nectar. This year 
the basswood was late, not blooming until after the first part of 
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June but after coming into blossom it secreted nectar very abun-
dantly. Bees were noticed on it from early morning until late in 
the evening. which indicated that they were getting a good suppiy 
of nectar. The blooming period lasts about three weeks. 
In basswood, as the flowers are pendant, the nectar secreted by 
the hollowed sepals is protected from the rain. These sepals are 
filled with short hairs, ·which act as a protection for the nectar, 
the nectar being secreted at the hase of the sepals. 
Anatomy of the Gland. - In the basswood we find what we call 
a true gland, i. e. a gbnclular body ari~ing from the epidermis. 
These glands are very numerous and arise from practically all of 
the epidemal cells. The glands are much longer than they are wide 
and consist of, first. two stalk cells which rise from the epidermis 
and which do not contain granular protoplasm and nuclei. Above 
them is a large cell which is densely filled with protoplasm and 
contains a large nucleus. Above this large cell are two rows of 
two cells each, which have divided equally. and topping these cells 
is the cap-cell. All of these cells are filled with dense protoplasm 
and have prominent nuclei. The glands do not all contain the 
same number of cells. hut this is the general plan. Figure 3, 
Plate VI shows two of the glands enlarged to show the details. 
The epidermal cells from which the glands arise are fairly large 
and contain a dense granular protoplasm. Their outer walls are 
curved and they are longer than \\·ide. Beneath the epidermal 
tissue are found the sub-epidermal cells, five or six layers in thick-
ness. The cells are 4-8-sidcd and are distinctly granular. Below 
them the vascular-huncllcs occur in the parenchymatous tissue. 
They are very abundant and some of them extend up into the nec-
tar tissue. Figure 4, Plate VI shows a general view of the glands 
and the location of the different tissues. Figure 5. Plate VI 
shows where the glandular tissue joins the cells that go to make 
up the rest of the sepal. The cells are much larger and have 
thickenings on their outside walls. Figure 1. Plate VII is an en-
larged view of a section of the nectar tissue to show the glands 
in more detail. 
Petunia violacca Linell. Petnnia. 
General. - This flower, \vhich is one of the cultivated varieties 
of Petunias. is not regarded as one of the honey plants in Iowa. 
and was not worked on with that in view. It was studied when 
the writer was just starting on his \1·ork ancl was nsed because ·it 
has a very prominent nectary. 
The nectary glands of Petunia are located on opposite sides of 
21
Cook: The Structure of Some Nectar Glands of Iowa Honey Plants
Published by UNI ScholarWorks, 1923
322 IOWA ACADEMY OF SciENCE Vor.. XXX, 1923 
Pr.AT£ VII 
Fig. 1. Enlarged view of same tissue shown in fig. 4, Pl. 6. e, epidermis; 
b, gland (x 250). 
Fig. 2. Longitudinal section through the nectar gland of Petunia violacea. 
n, nectar tissue; sta, cells of the stamen (x 42.S). 
Fig. 3. Enlarged view of a section of the glandular tissue to show where 
it joins the cells of the stamen. e, epidermis; st, stamen; es, epidermal 
layer of stamen; g, sub-epidermal cells (cells not filled in) (x 250). 
Fig. 4. Longitudinal section through one of the glands of the Catalpa 
'(x 400). . 
Fig. 5. Cross section of the same gland (x 400). 
the ovary at its base. They occur as rather large pyramidal 
mounds, and are easily seen with the naked eye. They have a 
deep yellow-orange color. Nectar is secreted very abundantly by 
the glands. 
· Anatomy of the Glands. - The nectar tissue is about 3 mm. 
deep, 4 to 6 m!Il. long and consists of the epidermal layer with 
many layers of the small sub-epidermal cells under it. The epider-
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mal cells are larger than the cells beneath them, but are not so 
distinctly granular. The epidermal cells are very irregular in 
shape, have their outer walls curved out somewhat and the epider-
mis is well provided with stomata. The stomata are borne on the 
surface and have a prominent stomata! chamber. The guard cells 
are distinctly granular. Secretion takes place through the stomata. 
The sub-epidermal cells are smaller than the epidermal cells, and 
are also much more densely granular. They have almost any 
shape and do not have intercellular spaces. Below the sub-epi-
dermal tissue is found the parenchymatous tissue of slightly lar-
ger cells. A large vascular-bundle is found in the tissue, extend-
ing nearly into the nectar tissue and running parallel with it. Fig-
ure 2, Plate VII shows the location of the nectar gland. Figure 3, 
Plate VII shows a part of the nectar gland and the junction with 
the tissue of the ovary. As can be seen the character of the cells is 
distinctly different. 
Catalpa Bignonioides vValt. Catalpa. 
General. -The catalpa is a fairly large tree that is found over 
practically all of the state of Iowa. Its flowers are large and it 
secretes nectar abundantly, although the flowers last for only a few 
days. 
In catalpa the nectar gland is located at the base of the corolla 
and at the base of the two stamens which rise from the corolla. 
The gland extends up for about 3 mm. on the stamens and corolla, 
and is colored a light orange-yellow. The nectar is secreted 
abundantly and collects around the bottom of the ovary. 
Anatomy of the gland. - The nectary tissue extends into the 
corolla for about 1 mm. There is a distinct epidermis, which is 
plentifully supplied with large stalked glands. These glands rise 
from the epidermal cells and are somewhat fan-shaped. The 
gland consists of a large stalked cell, which does not have granu-
lar protoplasm and a nucleus. Above this stalked cell are found 
six to eight elongated cells which are arranged around the stalk 
cell in an irregular semicircle. These elongated cells are decidedly 
granular in appearance and have distinct nuclei. Figure 4, Plate 
VII shows one of the glands in longitudinal section. In cross 
section the glands consist of fifteen to eighteen cells, which are 3-
6-sidecl. Figure 5, Plate VIII shows the gland in cross section. 
Secretion takes place through these glands. The epidermal tissue 
is practically like others that have been studied, but is perhaps 
somewhat more granular. There is no distinct sub-epidermal tis-
sue, the cells below the epidermis being practically alike, ex-
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PLATE VIII 
Fig. 1. Section through the . base of the corolla of the Catalpa, showing 
the glands in longitudinal view. b, gland; e, epidermal layer; g, sub-
epidermal layer; fv, fibro-vascular bundle (x 37.5). 
Fig. 2. Enlarged view of the glandular tissue of the Catalpa (x 237.5). 
cept that one or two layers, next to the epidermis, are somewhat 
more granular. In the parenchymatous tissue are found large 
vascular-bundles, which are spaced at regular intervals. Figure 
1, Plate VIII shows a general view of the gland. Figure 2, Plate 
VIII is an enlarged view of a section of the epidermal tissue. 
Lonicera Tatarica L. Tartarian Honeysuckle. 
General. - This plant is found abundantly on the campus of 
Iowa State College and blooms in late May. it probably is 
not of great importance in this state for nectar, its corolla tube 
being slightly long for the bees to reach the nectar. 
In Lonicera the gland is found on one side of the corolla. On 
one side of the flower, the corolla is somewhat hollowed out, 
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forming a kind of cup. Along the sides of this depression, which 
is fairly deep, is found the riectar tissue. The nectar tissue ex-
tends all along the bottom of the depression and for some distance 
out of it up along the inside of the petal. The gland is well pro-
tected from rain by hairs which occur around it. 
Anatomy of the Gland. - When we examine a section through 
the nectar tissue we find an epidermal layer covering the layer of 
sub-epidermal cells. All along on the epidermis rise little pro-
jections which have rounded knobs at the ends. At regular inter-
vals arise larger projections which t~ke on the character of glands, 
Pr.ATE IX 
Fig. 1. Longitudinal section through the flower of Lonicera Tatarica, 
showing the position o0£ the nectar gland. n, nectar tissue; pt, pistil 
(x 12.5). 
Fig. 2. Enlarged view of the nectar tissue. e, epidermis; pa, papilla; 
g, sub-epidermal cells (x 237.5). 
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although there is no noticeable division into cells. Both the small 
projections and the larger ones are densely filled with a granular 
protoplasm. The larger projections contain nuclei. It is probable 
that the secretion takes place through the epidermal projections. 
There is no cross-wall between the epidermal cell and the pro-
jection. The ordinary epidermal cells are wider than they are 
long and are more or less flat on top, except where the projections 
arise. They have prominent nuclei, but are only slightly granular. 
Below the epidermis is found another layer of cells resembling 
the epidermal cells which contain distinct nuclei and are distinctly 
granular. Below them is the sub-epidermal tissue, which consists 
of small 6-8-sided cells, distinctly granular. The sub-epidermal cells 
are divided from the parenchymatous cells of the corolla by a 
large vascular-bundle, which extends all the way up the petal and 
runs parallel to the nectar tissue. Figure 1, Plate IX shows a 
general view of the location of the nectar gland. Figure 2, Plate 
IX is an enlarged view of a section of the glandular tissue, show-
ing the epidermis and its projection. 
Curnrbita Pepo L. Pumpkin. 
General. -The pumpkin, while not being regarded as one of 
the leading honey plants of Iowa, is very widely planted in this 
state and is a source of nectar supply, especially as a late supply. 
The flowers secrete nectar very abundantly and are accessible 
to honey-bees· 
In the male flower (the one which was studied) the calyx and 
corolla are united at the base, where they support a cup-shaped 
disk This cup about 3 111111. deep and 4 111111. wide, is completely 
covered by the column of stamens, and is accessible only by means 
of two to four openings at the base of the filaments. It has a 
deep orange-yellow color and is sometimes completely filled with 
nectar, which is secreted at the base and sides of the cup. 
Anatomy of the Gland. - In the pumpkin the glandular tissue 
is very deep, extending into the interior for at least 10 mm. The 
epidermis is prominent, the cells being somewhat longer than the 
ordinary glandular tissue. The epidermal cells are somewhat 
broader than long, their outer walls curving only slightly, and 
they are less granular than the underlying tissue. The epidermis 
is plentifully supplied with stomata which are only slightly sunk-
en. Beneath the stomata are found the stomata! chambers. 
Under the epidermis are found the sub-epidermal cells, there be-
ing many layers of them. The cells are small, 4-6-sided, and are 
directly filled with granular protoplasm. Below the sub-epidermal 
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Pr.ATE x 
Fig. 1. Longitudinal section through a part of the nectar tissue of 
Cucurbita Pepo. e, epidermis; g, sub-epidermal cells; p, parenchyma-
tous tissue; fv, ti.bro-vascular bundle (x 12.5). · 
Fig. 2. Longitudinal section through the nectar tissue of Curcurbita Pepo. 
e, epidermis; st, stomata; g, sub-epidermal tissue (x 237.5). 
Fig. 3. Longitudinal section of stomata (x 350). 
Fig. 4. Cross section of stomata (x 285). 
cells is the parenchymatous tissue, which is several laY,ers of cells 
in thickness, with cells somewhat larger than the sub-epidermal 
cells. Below this tissue is another parenchymatous tissue of cells. 
In both of these tissues the vascular-bundles are extremely thick 
and run in every direction. In the pumpkin the vascular-bundles 
end in the nectary tissues and are very abundant. Figure 1, 
Plate X shows a general view of the different kinds of tissue and 
the depth of each. Figure 2, Plate X is an enlarged view of the 
nectar tissue and figure 3, Plate X shows the stomata and epider-
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mis in longitudinal section. Figure 4, Plate X shows a cross sec-
tion of two of the stomata. 
SliMMARY 
1. In studying nectar glands we do not always find true stalked 
glands, in fact, they are the exception to the rule. 
2. I\ ectar tissue al ways consists of an epidermal layer with or 
without stomata and of a sub-epidermal layer varying in thick-
ness. 
3. The nectar tissue is easily recognized by its smaller cells, 
which are always filled with a dense granular protoplasm. These 
cells are generally smaller than those of the surrounding ground 
tissue. 
4. In all the members of the Rosaceae studied, no true stalked 
glands were found. An epidermal layer was found, under which 
was the sub-epidermal layer. Stomata may or may not be pres-
ent. 
5. In Tilia amerirana and Catalpa bignonioides true stalked 
glands are found. They stand out very sharply from the sur-
rounding tissue and always have very dense, granular cell con-
tents. 
6. In all nectar glands studied, vascular-bundles were found 
in close proximity and run either parallel or at right angles to the 
nectar tissue. Sometimes they even extend up into the nectar 
tissue. 
DEPARTMENT OF' BO'I'ANY, 
IowA STA'l'E CoLu:cE. 
BIBLIOGRAPHY 
1. Ru£LLII, J., De Natura stiripum: Bas. 3, 21; 1543.* 
2. MALPIGHII, 1L, Anatome plantarum, Lugd. Bot., 1687.* 
3. PoN1'ED£RA, J., Dissertationes ,J10tanicae, Diss. 1, 1719. 
4. LINNE, N ectaria J1orum: Amaen. 6, p. 263, Upsalae, 1762.** 
5. RoTH, Ro£Ml!R, and Vs1'RI, Magazin for die Botanik, 2. Sti.ick, p. 31, 
1789.* 
6. KRUNITZ, Oekonomische Encyclopaedie, Bd. 4, p. 773.* 
7. SPHENGEL, CONRAD, Das ent<lecktc Gcheimniss im Bau und in der Be-
fruchtnng <ler Blumen.** 
8. Go!!THE, Cottaschc Ausgabe, Bd. 36, pp. 35-38; 1853.* 
9. MIRJBET., Elements de botanique, t. 1, Paris, 1815.** 
10. DF.SVAUX, Recherches sur Jes nectaries, Paris, 1826.** 
11. So YER-vVILLIME1', Memoirs sur Jes nectaries, Nancy, 1826.** 
• Citations taken from Behrens (20). 
•• Citations taken from lllartinet (19). 
28
Proceedings of the Iowa Academy of Science, Vol. 30 [1923], No. 1, Art. 51
https://scholarworks.uni.edu/pias/vol30/iss1/51
NECTAR GLAJ\DS OF HONEY PLA:\TS 329 
12. Dr. CANDOUF'., Organogr. veget., Paris, 1827.** 
13. RASPAJL, F. V., Nouveaux Systeme de physiologie vegetate, Paris, 
1837.** 
14. BISCHOFF, Lehrbuch der Botanik, Stuttgart, 1839.** 
15. 0Kf.N, Allgem. Naturgeschichte for allc Stancle, Bd. 2, p. 71; 1839.** 
16. BRAVAIS, Examen organographique des nectaries, Ann. des Sci. Nat., 
t. 18, 1842.** 
17. CASPARY, R., De nectariis. Elvcrfeldae, 1848.* 
18. BROKGKIART, AD., ?\Iemoire sur ks glandes nectarifcres de l'ovaire: 
Ann. des Sci. Nat., t. 2, 1855.** 
19. l\1AR1'1Nt:T, ]., Organcs de secretion des vegetaux: Ann. des Sci. Nat., 
t. 14; 1872. 
20. BF.HRf.NS, W. J ., Die N ectarien der Bl ii then: Flora, Bd. 62, 1879. 
21. Tr<F.Lf.ASE, \V. l\L, Nectar and .its Use: Report on Cotton Insects, Pt. 2, 
V. S. D. A., 1879. 
22. BoKXIER, G., Les N cctaries: Arm. des Sci. :\at. Bot., 1, 1879. 
23. KNUTH, PAUL, Handbook of Flower Pollination, Oxford, 1906. 
24. CHAMBERLAIN, CHARLES J., Methods in Plant Histology, 3rd ed., Univ. 
Chicago Press, 1915. 
29
Cook: The Structure of Some Nectar Glands of Iowa Honey Plants
Published by UNI ScholarWorks, 1923
